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INTRODUCTION 

The Un i ted  S ta tes  Department o f  Energy, Laramie Energy Technology Center, (LETC) 
has conducted numerous underground coa l  g a s i f i c a t i o n  (UCG) experiments. DOE r e c o g n i -  
zes t h e  great  p o t e n t i a l  va lue o f  UCG as a means o f  e x t r a c t i n g  energy f rom coa l  beds 
which cannot o the rw ise  be u t i l i z e d .  
mined, o r  a re  u n s u i t a b l e  f o r  underground min ing,  y e t  c o n s t i t u t e  a vast  energy 
reserve.  We a re  c u r r e n t l y  deve lop ing  UCG techno logy  which should l ead  t o  an energy-  
and c o s t - e f f i c i e n t  means o f  u t i l i z i n g  such coa l  beds. 

LETC has chosen t h e  Hanna No. 1 coal  f o r  exper imenta l  UCG work. The Hanna No. 1 
l i e s  w i t h i n  t h e  Paleocene Hanna Format ion and i s  con f ined  t o  t h e  Hanna Coal B a s i n  o f  
Wyoming (F igu re  1). The No. 1 coal  has been c l a s s i f i e d  as a h i g h - v o l a t i l e  C b i t u m i -  
nous coal  (1). 

t h e  Hanna s i t e .  Whi le  these i n c l u d e  proper  i n s t a l l a t i o n  and use o f  su r face  f a c i l i -  
t i e s ,  LETC personnel have a l s o  recognized t h e  need f o r  a complete understanding o f  
t h e  coa l  i t s e l f .  Through c a r e f u l  a n a l y s i s  o f  t h e  coal ,  improved systems f o r  conver-  
s i o n  t o  h igh  q u a l i t y  gaseous f u e l  can be designed. Var ious t ypes  o f  analyses have 
been performed on samples o f  a l t e r e d  and u n a l t e r e d  coa l  and carbonaceous sha les  f rom 
t h e  Hanna s i t e .  

Many beds a r e  t o o  deeply  b u r i e d  t o  be s t r i p -  

Various approaches have been used t o  improve t h e  e f f i c i e n c y  o f  t h e  UCG process a t  

Th is  r e p o r t  d e t a i l s  t h e  r e s u l t s  of one aspect  o f  t hose  analyses. 

PURPOSE OF THE STUDY 

The purpose of t h e  s tudy has been t o  c o n s t r u c t  a geothermometer based upon v i s i b l e  
thermal  a l t e r a t i o n s  i n  t h e  o rgan ic  c o n s t i t u e n t s  o f  Hanna No. 1 coa l  and carbonaceous 
s h a l e  samples. Youngberg, a t  LETC, and Rich, a t  t h e  South Dakota School o f  Mines and 
Technology (SDSM&T) agreed t h a t  a c o r r e l a t i o n  m igh t  be made between d i s c r e t e  a l t e r a -  
t i o n  temperatures and unique p e t r o g r a p h i c  composi t ions produced by a l t e r a t i o n .  
such a c o r r e l a t i o n  c o u l d  be made, then  samples o f  coa l  and/or carbonaceous s h a l e  
taken  f rom UCG s i t e s  c o u l d  be observed m i c r o s c o p i c a l l y  and d e t e r m i n a t i o n s  made as t o  
t h e  maximum temperatures t o  which t h e  sediments had been subjected.  The o rgan ic  
c o n s t i t u e n t s  o f  t h e  samples, termed macerals, were observed, descr ibed,  and quan- 
t i f i e d  as changes occu r red  i n  t h e i r  appearances d u r i n g  h e a t i n g  a t  p r o g r e s s i v e l y  
h i g h e r  temperatures. 

If 

LABORATORY METHODS 

Sample P r e p a r a t i o n  

Crushed bu lk  samples o f  coa l  and carbonacaous sha le  f rom t h e  Hanna 170 sample 
s i t e  were sent t o  SDSM&T. 
l o w  ash sample (12.7% d r y  bas i s ) ,  w h i l e  t h e  sample i n t e r v a l  279.7-280.7 f e e t  was 

One sample from 277-278 f e e t  dep th  was chosen f o r  a 



chosen f o r  a h i g h  ash sample (63% d r y  bas i s ) .  A t h i r d  sample i n t e r v a l ,  284.2-285.2 
f e e t  was added t o  t h e  work schedule about midway th rough  t h e  p r o j e c t .  
p e t r o g r a p h i c  compos i t i on  i n d i c a t e d  i t  might  a c t u a l l y  pe r fo rm b e t t e r  as an i n d i c a t o r  
o f  thermal  a l t e r a t i o n  t h a n  t h e  o r i g i n a l  samples. 

I t s  unusual 

F i v e  gram samples were p laced i n  a p r e v i o u s l y  weighed c r u c i b l e ,  and t h e i r  com- 
The furnace, meanwhile, had been heated t o  t h e  des i red b ined we igh t  was recorded. 

temperature and tho rough ly  f l u s h e d  w i t h  he l ium.  
t o t a l l y  i n e r t  and would no t  cause a l t e r a t i o n s  i n  t h e  samples i n  and o f  i t s e l f .  
Hea t ing  was done a t  50°C i n t e r v a l s  between room temperature (-20°C) and 600'C. 

A f t e r  be ing  heated f o r  1 hour, t h e  c r u c i b l e  was removed f rom t h e  fu rnace  as 
q u i c k l y  as p o s s i b l e  and weighed t o  r e c o r d  any weight  change. Each sample was mixed 
immediate ly  wi th  APCO adhesive #5823. Th is  i s  a low v i s c o s i t y  epoxy- type embedding 
medium which i s  commonly used f o r  coal  p e l l e t  p repara t i on .  The m i x t u r e  o f  coal  or 
sha le  and epoxy was d i v i d e d  between two s t e e l  1 - i nch  i n t e r n a l  d iameter  s t e e l  molds, 
and compressed a t  7000 p s i  f o r  2 minutes. 
was labe led ,  t h e n  ground and p o l i s h e d  on a J a r r e t  Automatic Gr ind -Po l i she r .  

Hel ium was chosen because i t  i s  

A f t e r  each sample hardened (-18 hours) it 

Furnace C o n s t r u c t i o n  

The fu rnace  apparatus c o n s i s t e d  o f  two P a r r  oxygen bombs connected by a l e n g t h  of 
t e f l o n - l i n e d  s t e e l  mesh hose ( F i g u r e  2). Only one bomb was used as a furnace. The 
furnace bomb was wrapped wi th  Samox-insulated h e a t i n g  tape, which was then  covered 
w i t h  severa l  w ind ings  o f  Glaspun f i b e r g l a s s  i n s u l a t i n g  tape. The h e a t i n g  tape was 
p lugged i n t o  a v a r i a b l e  t r a n s f o r m e r  which p rov ided  c u r r e n t  f o r  hea t  generat ion.  

The l i d  o f  a Par r  oxygen bomb i s  equipped w i th  seve ra l  f i x t u r e s ,  i n c l u d i n g  one- 
way gas va l ves  which a l l o w  f l o w  e i t h e r  i n t o  o r  ou t  o f  t h e  bomb, and two e l e c t r i c a l  
t e r m i n a l s  which, under  o r d i n a r y  oxygen bomb opera t i on ,  p r o v i d e  a heat  source f o r  
sample i g n i t i o n .  The i n l e t  gas v a l v e  on t h e  fu rnace  bomb was connected t o  a he l ium 
tank ,  w h i l e  t h e  e x i t  v a l v e  was connected t o  t h e  s t e e l  mesh hose. The hose was a l so  
connected t o  t h e  second bomb, as p r e v i o u s l y  mentioned. The stream o f  hel ium, then, 
f lowed i n t o  t h e  furnace bomb, ou t  t h rough  t h e  hose, and i n t o  t h e  second bomb. From 
t h e r e ,  gases were exhausted i n t o  a fume hood. The second bomb served as a b a r r i e r  t o  
atmospheric gases which m igh t  have a c c i d e n t a l l y  en te red  t h e  fu rnace  bomb, and the re -  
f o r e  helped t o  p reven t  unwanted o r  dangerous combustion o f  samples. 

One of t h e  two e l e c t r i c a l  t e r m i n a l s  i n  t h e  f u r n a c e  bomb l i d  was removed, and a 
thermocouple i n s e r t e d  i n  i t s  place. The thermocouple was wrapped w i t h  f i b e r g l a s s  
i n s u l a t i o n  t o  p r o v i d e  a t i g h t  seal  a g a i n s t  t h e  a i r  o u t s i d e  t h e  bomb. The end o f  t h e  
thermocouple was i n s e r t e d  t o  a l e v e l  j u s t  above and t o  t h e  s i d e  o f  t h e  c r u c i b l e  
( F i g u r e  2) i n  o r d e r  t h a t  t h e  heat  sensor would measure t h e  fu rnace  temperature a t  t he  
sample l o c a t i o n  w i t h i n  t h e  bomb. Accurate temperature m o n i t o r i n g  was p rov ided  by an 
Omega d i g i t a l  c e n t i g r a d e  thermometer which was a t tached  t o  t h e  thermocouple. 

The c r u c i b l e  was p laced  w i t h i n  a c i r c u l a r  l o o p  o f  w i r e  which i s  designed t o  ho ld  
more conven t iona l  oxygen bomb samples. The c r u c i b l e  r e s t e d  i n  about t h e  m idd le  o f  
t h e  furnace chamber and was, presumably, heated even ly  f r o m  a l l  s ides.  

A t y p i c a l  sample r u n  c o n s i s t e d  o f  t h e  f o l l o w i n g  steps: 

1. h e a t i n g  o f  f u rnace  bomb t o  p r e s e l e c t e d  tempera tu re  

2. f l u s h i n g  o f  b o t h  bombs wi th  he l i um 

3. r e c o r d i n g  o f  sample weight  
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4. i n s e r t i o n  o f  c r u c i b l e  i n t o  fu rnace  bomb 

5. secu r ing  furnace bomb l i d  

6. 

7. removal of furnace bomb l i d  and sample 

8. weighing o f  sample 

9. 

h e a t i n g  i n  a he l i um stream f o r  1 hour  

immediate m i x i n g  o f  sample w i t h  epoxy 

10. p e l l e t  p ress ing  and p o l i s h i n g  

Sample Ana lys i s  

Methods o f  ana lyz ing  p o l i s h e d  p e l l e t s ,  o r  b r i q u e t t e s  o f  coa l  a r e  f a i r l y  w e l l  
es tab l i shed .  Stach ( 2 )  presents  a conc ise  rev iew  o f  techniques.  The method o f  
microscope a n a l y s i s  employed i n  t h i s  s t u d i e d  i n v o l v e d  i n c i d e n t  i l l u m i n a t i o n  o f  
p o l i s h e d  p e l l e t  su r faces  and obse rva t i on  a t  500 X m a g n i f i c a t i o n  i n  o i l  immersion. 
B l u e - l i g h t  ( a c t u a l l y  b lue-and u l t r a v i o l e t  wavelengths) was employed i n i t i a l l y ,  though 
one t y p i c a l l y  observes samples u s i n g  i n c i d e n t  "wh i te "  l i g h t .  Such "wh i te "  l i g h t  ana- 
l y s e s  were prov ided by LETC, however, and so were no t  d u p l i c a t e d  by R ich  f o r  unheated 
samples. The average maceral composi t ions o f  108 u n a l t e r e d  samples o f  Hanna No. 1 
coa l  a r e  shown i n  Table 1. 

TABLE 1. Average Maceral Composit ion (minera l  -ma t te r  f r e e  b a s i s )  
o f  108 Una l te red  Coal Samples f rom t h e  Hanna UCG s i t e  (1). 

MACERAL GROUP VOLUME % MACERAL VOLUME % 

V i  tri n i  t e  

L i  p t i n i  t e  
( E x i n i  t e )  

I n e r t i  n i  t e  

91.8 V i t r i n i t e  90.3 
P s e u d o v i t r i n i t e  1.5 

6.1 

2.1 

E x i n i t e  5.5 
R e s i n i t e  0.6 

Semi -Fus in i t e  1.0 
Semi -Macr i  n i t e  0.1 
F u s i n i t e  0.3 
M a c r i n i  t e  0.1 
M i c r i n i  t e  0.5 
Scl  e r o t i n i  t e  0.1 

The a p p l i c a t i o n  o b l u e - l i g h t  was done a t  f i r s t  mere ly  t o  see how many o f  t h e  
macera ls  i n  t h e  Hanna 170 samples would f l uo resce .  
t i n i t e  macerals (waxes, r e s i n s ,  spores, e t c . )  t o  f l u o r e s c e  b r i g h t l y ,  e s p e c i a l l y  i n  
low-rank coa ls .  As t h e  l i p t i n i t e s  f l u o r e s c e  they  can be e a s i l y  i d e n t i f i e d  and quani -  
t i f e d .  

s u a l l y  common i n  t h e  Hanna 170 co re  samples. 
o i l -  o r  r e s i n - l i k e  l i p t i n i t e  which has been recognized o n l y  i n  r e c e n t  y e a r s  (3). 
occupies open spaces w i t h i n  t h e  coa l ,  and t h e r e f o r e  tends t o  be found i n  f r a c t u r e s  o r  

I n c i d e n t  b l u e - l i g h t  causes l i p -  

Sample surveys revea led  a p a r t i c u l a r  t y p e  o f  l i p t i n i t e ,  e x u d a t i n i t e ,  t o  be unu- 
E x u d a t i n i t e  i s  a m o b i l e  o r  semi-mobile 

It 
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t h e  lumens o f  c o a l i f i e d  c e l l s .  
common i n  s t r u c t u r e d  woody t i s s u e  ( t e l i n i t e )  and funga l  bodies ( s c l e r o t i n i t e ) .  
Inasmuch as e x u d a t i n i t e  i s  r a t h e r  mobi le ,  and may a c t u a l l y  m i g r a t e  o u t  o f  samples 
i n t o  t h e  immersion o i l  (4)  R i c h  dec ided  t o  emphasize e x u d a t i n i t e  analyses. 
r a t i o n a l e  was t h a t ,  i f  any substances i n  t h e  Hanna samples would r e a c t  q u i c k l y  t o  
thermal  a l t e r a t i o n ,  e x u d a t i n i t e  would c e r t a i n l y  be among them. E x u d a t i n i t e  i s  con- 
f i d e n t l y  i d e n t i f i e d  o n l y  i n  b l u e - l i g h t ,  as i t  f l u o r e s c e s  b r i g h t l y ,  b u t  i s  n e a r l y  
i n v i s i b l e  i n  "wh i te "  l i g h t .  In v iew o f  those f a c t s ,  and because e x u d a t i n i t e  i s  
b e l i e v e d  t o  be o f  g r e a t  p o t e n t i a l  v a l u e  i n  geothermometry, R ich  concen t ra ted  on 
b l u e - l i g h t  analyses. 

ces o f  macerals. 
pressed onto t h e  c l a y  so t h a t  t h e  observed s u r f a c e  l a y  p a r a l l e l  w i t h  t h e  microscope 
stage. Counts were performed a long  p a r a l l e l  t r a n s e c t s  which d i d  n o t  over lap.  
P e l l e t s  were moved l a t e r a l l y  by d i s c r e t e  u n i t s  so t h a t  no ad jacen t  f i e l d s  o f  v iew 
overlapped. One p o i n t  was counted p e r  f i e l d  o f  view, t h a t  p o i n t  l y i n g  a t  t h e  i n t e r -  
s e c t i o n  o f  an o c u l a r  c r o s s - h a i r  r e t i c l e .  F i v e  hundred p o i n t s  were counted Per 
p e l l e t ,  and bo th  p e l l e t s  p e r  sample were observed, p r o v i d i n g  1000 p o i n t s  pe r  sample. 

TABLE 2 

E x u d a t i n i t e  i n  t h e  Hanna 170 samples i s  e s p e c i a l l y  

The 

Two p e l l e t s  f rom each sample i n t e r v a l  were counted t o  determine r e l a t i v e  abundan- 
Each p e l l e t  was a t t a c h e d  t o  a g lass  s l i d e  w i t h  model ing c l a y  and 

CHANGES I N  LIPTINITE COMPOSITION FOR 
SAMPLES FROM 277-278 FEET 

Temyeqrature'C 
~. 

50 
100 
150 
200 
2 50 
300 
350 
400 

Tem;;rature"C 

50 
100 
150 
200 
250 
300 
350 
400 

# L i p t o d e t r i n i t e  
% L i p t i n i t e s  # E x u d a t i n i t e  & B i t u m i n i t e  

4.4 10 17 
4.9 12 22 
3.6 14 14  
2.8 
3.7 
4.0 
2.8 
1.0 
0.0 

8 
22 
17 
13 

7 
0 

TABLE 3 

CHANGES I N  LIPTINITE COMPOSITION FOR SAMPLES 
FROM INTERVAL 284.2-285.2 FEET 

# L i p t o d e t r i n i t e  
% L i p t i n i t e s  # E x u d a t i n i t e  & B i t u m i n i t e  

7.7 1 58 
8.5 3 67 

11.5 4 87 
9.3 7 68 
8.3 4 69 
8.5 2 67 

38 
6 
0 

5.2 
0.8 
0.0 

1 
0 
0 

# E x i n i t e  
10 
B 
4 
5 
5 
5 
6 
0 
0 

# E x i n i t e  
10 
9 

12 
14 
5 
7 
8 
2 
0 
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RESULTS 

Tables 2 and 3 i l l u s t r a t e  severa l  of t h e  changes which took  p l a c e  d u r i n g  h e a t i n g  
The f o l l o w i n g  o f  samples from t h e  277-278 and 284.2-285.2 f o o t  l e v e l s  r e s p e c t i v e l y .  

obse rva t i ons  may be made: 

I n  samples from b o t h  l e v e l s  t h e r e  was a gradual decrease i n  percentages o f  
t o t a l  l i p t i n i t e s  as temperatures increased.  

A t  bo th  sample i n t e r v a l s ,  f l uo rescence  e s s e n t i a l l y  ceased a t  400°C. 

Reac t ion  v e s i c l e s  devel oped w i t h i n  v i t r i n i t e  p a r t i c l e s  between 250-300°C. 
V i t r i n i t e  which con ta ined  spores o r  p o l l e n ,  r e s i n  bodies,  e t c .  became espe- 
c i a l l y  ves i cu la r .  E x u d a t i n i t e  showed d i s t i n c t  r e a c t i v i t y  w i th  consequent 
evacuat ion f rom s c l e r o t i n i t e  bodies and i n t e r s t i c e s  among c r y s t a l s  i n  p y r i t e  
framboids. Cracks developed i n  v i t r i n i t e .  

Between 300-350°C v i t r i n i t e  became o b v i o u s l y  cracked and v e s i c u l a r .  
R e s i n i t e s  c l e a r l y  showed a l t e r a t i o n  r ims  as t h e y  reacted.  

Between 350-400°C v i t r i n i t e  became i n c r e a s i n g l y  v e s i c u l a r ,  w i t h  v e s i c l e  s i z e  
and abundance inc reas ing .  
many ves i c les .  E x u d a t i n i t e  and r e s i n i t e  n e a r l y  vanished. 

W i t h i n  t h e  400-500°C range r e f l e c t i v i t y  o f  v i t r i n i t e  p a r t i c l e s  appeared t o  be 
much more uni form.  
i n  e i t h e r  "wh i te "  o r  b l u e  l i g h t .  

A t  5OO-60O0C, eve ry  coal  p a r t i c l e  developed a m u l t i t u d e  o f  v e s i c l e s ,  and many 
were i n t e n s e l y  cracked, almost b recc ia ted .  Coal p a r t i c l e s  were o f  u n i f o r m  , 
c o l o r  and compos i t i on  except f o r  t h e  v e s i c l e s  and cracks. 

Glassy o r  p i t c h e y  appear ing d e p o s i t s  occu r red  i n  

R e s i n i t e ,  e x i n i t e ,  c u t i n i t e ,  e t c .  were no l onger  v i s i b l e  

Samples from t h e  279.7-280.7 f o o t  i n t e r v a l  were no t  p o i n t  counted i n  b l u e  l i g h t .  
The abundant c l a y  p a r t i c l e s  were f i l l e d  w i t h  d e t r i t a l  l i p t i n i t e s  and were s a t u r a t e d  
w i t h  b i t u m i n i t e .  
t o  e x u d a t i n i t e ,  which f r e q u e n t l y  i n f i l t r a t e s  t h e  l a y e r s  o f  c l a y  m ine ra l s .  
causes t h e  c lays  and i n t e r s t i c e s  among c l a y  p a r t i c l e s  t o  f l uo resce .  It i s  a lmost  
imposs ib le  t o  ge t  an accurate q u a n t i f i c a t i o n  of  b i t u m i n t e  i n  such c l a y e y  samples as 
v i r t u a l l y  e v e r y t h i n g  f l uo resces ,  y e t  c l e a r l y  t h e  samples a r e  n o t  pu re  b i t u m i n i t e .  
A l t e r a t i o n  i n  shale samples proceeded as l i s t e d  f o r  t h e  o t h e r  samples, however. 

B i t u m i n i t e  i s  another  semi-mobile maceral, s i m i l a r  i n  some respec ts  
It t h u s  

D I S C U S S I O N  AND CONCLUSIONS 

D i s t i n c t  pe t rog raph ic  changes d i d  t a k e  p l a c e  i n  t h e  Hanna No. 1 samples as t h e y  
were heated. Decreasing abundances of f l uo rescence  macerals, i n c r e a s i n g  v e s i c u l a r i t y  
and c r a c k i n g  i n  v i t r i n i t e s ,  and eventual  e l i m i n a t i o n  o f  a l l  macera ls  except v i t r i n i t e  
can be c o r r e l a t e d  w i t h  temperature ranges. It should, then, be f e a s i b l e  t o  t a k e  
samples of carbonaceous sha le  and coa l  f rom UCG bu rn  s i t e s  and de te rm ine  t h e  thermal 
g r a d i a n t  away f rom t h e  s i t e s .  

d i f f e r e n t  r a t e s  when heated. 
t i n i t e s ,  though e v e n t u a l l y  a l l  t h e  macerals become i n v o l v e d  i n  t h e  phys i ca l  a l t e r a -  
t i o n s .  The f a c t  t h a t  l i p t i n i t e s  r e a c t  e a r l i e r  t han  v i t r i n i t e s  may c a r r y  impor tan t  
i m p l i c a t i o n s  as f a r  as m a i n t a i n i n g  optimum gas compos i t i on  and p r o d u c t i o n  a r e  con- 
cerned. 

T h i s  work has a l s o  shown t h a t  macerals i n  t h e  Hanna No. 1 coa l  r e a c t  a t  q u i t e  
L i p t i n i t e s  a re  a l t e r e d  b e f o r e  v i t r i n i t e s  and i n t e r -  
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L i p t i n i t e s ,  f o r  example, a r e  en r i ched  i n  hydrogen as compared t o  t h e  o t h e r  
maceral groups. As l i p t i n i t e s  decompose t h e r m a l l y ,  then,  one would expect  
gases wi th  a h i g h  hydrogen/carbon r a t i o  t o  be produced. 
Hanna No. 1 which c o n t a i n s  an abundance o f  e a s i l y  a l t e r e d  l i p t i n i t e s  (e.g. t h e  
r e s i n i t e - r i c h  B l i n d  Canyon seam o f  Utah) convers ion o f  coa l  t o  gas c o u l d  occur  
a t  a compara t i ve l y  low tempera tu re  and y e t  y i e l d  a gaseous product  en r i ched  i n  
hydrogen. 
m igh t  r e q u i r e  h i g h e r  convers ion  temperatures which would i n v o l v e  more v i t r i n i t e  
i n  the convers ion  r e a c t i o n s  i n  o r d e r  t o  produce gases w i t h  a h i g h  hydrogen content .  

An a d d i t i o n a l  obse rva t i on  i s  t h a t  a t  h i g h e r  temperatures, i.e., 400% and above 
where p a r t i c l e s  become v e s i c u l a r  and f r a c t u r e d  t h e  r e a c t i v e  su r face  area w i t h i n  coal 
f ragments i s  much g r e a t e r  t han  a t  c o o l e r  temperatures. The abundance o f  v e s i c l e s  and 
t h e  eventual  b r e c c i a t i o n  o f  t h e  p a r t i c l e s  should a l l o w  t h e  coa l  t o  r e a c t  more r e a d i l y  
w i t h  hot gases w i t h i n  t h e  g a s i f i c a t i o n  chamber. B r e c c i a t e d  coa l  p a r t i c l e s  would, of 
course, a l s o  a l l o w  product  gases t o  move more r e a d i l y  t h rough  t h e  coa l  bed than  i f  
t h e  coal f ragments were l e s s  e x t e n s i v e l y  broken. 

w i l l  be those where c a r e f u l  c o n s i d e r a t i o n  has been g i v e n  t o  t h e  pe t rog raph ic  com- 
p o s i t i o n  o f  t h e  coals .  Petrography can be  used bo th  as a geothermometer and as a 
techn ique  t o  p r e d i c t  coa l  r e a c t i v i t y  d u r i n g  underground g a s i f i c a t i o n .  

I n  a coal ,  such as t h e  

On t h e  o t h e r  hand, c o a l s  which do n o t  have such an abundance o f  l i p t i n i t e s  

We b e l i e v e  t h e  r e s u l t s  o f  t h e  work show t h a t  t h e  most successfu l  UCG opera t i ons  

1. 

2. 

3. 

4. 
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Figure 1 
Location of Hanna Basin 

Figure 2 
Bomb Assembly 
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